Introduction {#S1}
============

The nasal valve region plays a key role in nasal breathing [@R01]. Physiological studies demonstrate that this complex region significantly regulates both nasal airflow and nasal resistance. In fact, the nasal valve is responsible for 70% of nasal respiratory resistances [@R02] and 44% of the total inspiratory resistance [@R03]. Even small deformities of this region can turn into relevant increments in inspiratory resistance, thus compromising the performance of the subject, above all during physical effort, and sometimes causing disturbances during sleep [@R04]. In the international literature, a variety of techniques have been described to rectify nasal obstruction caused by nasal valve impair ment [@R05], but there are no randomized trials to compare the outcome of different procedures to date. Most studies are based on heterogeneous groups of patients with a mixture of pathologies, and, furthermore, interventions are often multiple. Based on the present evidence, it is impossible to counsel a patient as to which technique is most effective [@R06].

The primary goals of surgery of the nasal valve are essentially to restore normal anatomy of the nasal valve and improve airflow without increasing either rigidity or collapsibility of the nasal valve. A systematic approach to surgery requires that the surgeon be aware of the possible sites and types of abnormalities that may be present. The surgeon must have the technical ability to explore the various regions and to deal with any mucocutaneous disturbance that may be present. Any systematic surgery of the valve area should therefore adopt an approach allowing wide access for inspection and correction of the various components. Such procedures should carry a minimum risk of respiratory complications and aesthetic defects. In light of these principles, we are experienced in performing surgery of the nasal valve exclusively through the hemitransfixion incision [@R07] [@R08]. Long-term outcome measurement is an essential aspect in the assessment of all surgical techniques. Spielmman et al. [@R06], in a recent review, state that functional nasal surgery studies that examine whether there is sustained long-term benefit at 1 or 2 years after intervention are greatly needed, while an objective measurement of airflow would also make a necessary contribution. The aim of this study is to evaluate objectively the results of surgery of the nasal valve through the hemitransfixion incision using rhinomanometry in the long term.

Materials and methods {#S2}
=====================

For the purpose of this study, clinical records of patients who had undergone nasal valve surgery at Imola Hospital between January 2011 and June 2011 were retrospectively revised to evaluate the effect of surgical treatment. Inclusion criteria were all types of nasal valve compromise with complete rhinomanometric documentation at the end point follow-up. Exclusion criteria were referred postoperative nasal trauma and those cases in which valve surgery was performed as an ancillary procedure to rhinoplasty. Patients who fulfilled inclusion criteria were recruited for the present investigation and were analyzed with nasal endoscopy and rhinomanometry.

Nasal endoscopy was performed by a rigid, 0° nasal endoscope with a diameter of 4 mm in order to evaluate nasal valve function in the static condition and during respiration. Both preoperatively and postoperatively nasal resistances and flow were measured in the resting state by anterior active rhinomanometry according to the recommendations of SCOANA [@R09] and using the RhinoPocket® device. A facemask was used to ensure a good seal and to avoid distortion of the nose. Only decongested nasal airway resistance (NAR) values were taken into consideration to avoid mucosal resistive changes and evaluate uniquely the effect of surgery on structural components of the nasal valve area. Decongestion was accomplished by the application of three sprays of 0.1% xylometazoline to each nostril. A dilation test was also performed preoperatively using the DAN Air® dilator to confirm the impairment of nasal valve function. Total inspiratory and expiratory NARs were calculated using the reference pressure at 150 Pascal.

A paired *t*-test was performed to assess differences between preoperative decongested and dilated NAR values and decongested NAR values before and after the operation. The unpaired t-test was used to check for differences according to sex, while Pearson\'s correlation was used to analyze the influence of age and sex on final results. All continuous data were presented in terms of means and standard deviation of the mean. For all tests, a value of p \< 0.05 was considered significant. All analyses and graphs were realized using Statistical Package for the Social Science (SPSS) 15.0 for Windows (SPSS, Inc, Chicago, IL)

Patients were treated surgically according to the following techniques:

*Septal surgery [@R10]:* conventional septoplasty was achieved by making a vertical incision in the quadrangular cartilage anterior to the perpendicular plate of the ethmoid, freeing the caudal end of the septum from its crest. If, by uncovering the septum and freeing it of its posterior and inferior attachments, the deflection was reduced and the septum swung to the midline, relieving the nasal valve obstruction, the operation was concluded. In case of marked deviation of anterior septum, an extracorporeal septoplasty was performed [@R11].

*Internal nasal valve correction [@R07]:* starting from the hemitransfixion incision, extramucosal skeletonization of the endonasal section of the middle vault allowed for the exposure of supero-medial, superior and lateral aspect of the valve area ([Fig. 1](#F1){ref-type="fig"}). Deformities of the caudal margin of the upper lateral cartilages (ULCs) were corrected, as well as thickening or deflections of the superior segment of the septum, thickening of the septal space caused by post-traumatic or postsurgical scar connective tissue. The septum-upper lateral cartilage complex was contoured to restore a normal anatomic relationship and a physiologic valve angle. Using the same maxilla-premaxilla approach, the anterior nasal spine was adequately exposed along with the piriform apertures and the caudal septal cartilage. In this way, anomalous positioning and structural defects were corrected. In case of particularly restricted nasal valves, spreader grafts were fixed to the exerted quadrangular cartilage and repositioned sub-perichondrially with the septum in order to enlarge the valve angles [@R12] ([Fig. 2](#F2){ref-type="fig"}).

![Schematic representation of the internal nasal valve exposed through the hemitransfixion incision approach.](0392-100X-33-196-g001){#F1}

![Suturing of spreader grafts to the exerted cartilaginous septum in extracorporeal septoplasty.](0392-100X-33-196-g002){#F2}

*External nasal valve correction [@R13]:* morphologic columellar anomalies were corrected by columelloplasty. The acute naso-labial angle was adjusted by placing an intracolumellar strut. Lobule surgery was performed adopting a dome-preserving technique and a retrograde raising of the lower lateral cartilages (LLCs).

*Turbinate surgery [@R13]:* inferior turbinate hypertrophy causing the obstruction of the nasal valve area was treated by the submucous resection technique according to Sulsenti.

Results {#S3}
=======

The group of patients consisted of 54 males and 15 females with a mean age of 41.8 ± 14.4 years, (range: 21-72 years). All patients were operated on through a hemitransfixation incision. A total of 161 procedures were carried out. In particular, conventional and extracorporeal septoplasty were performed, respectively, in 32 and 34 cases, turbinate surgery in 52 cases, and columelloplasty in 11 cases. Spreader grafts were positioned in 11 patients. Moreover, 14 patients had correction of the ULCs, 7 patients had an intracolumellar strut, 5 patients had retrograde raising of the LLCs, 3 patients had correction of the anterior nasal spine and 2 patients had correction of the piriform crests. In one case, revision surgery was performed following a previous unsatisfactory rhinoseptoplasty procedure. Only 11 patients had one exclusive treatment, whereas 32 patients were treated by 2 procedures. The remaining patients received 3 or more procedures.

The mean follow-up was 8 ± 4.1 months (range: 1-15 months). Nasal endoscopy, performed at last follow-up, permitted to appreciate the favourable effects of the surgical treatment with a normalization of the nasal valve angles. Only 5 patients manifested a persistent nasal valve stenosis and were scheduled for a revision surgery.

Preoperatively total decongested inspiratory NARs was 0.245 ± 0.091 Pa/cm3/s and decreased significantly after the operation (p \< 0.0005) to 0.154 ± 0.059 Pa/cm^3^/s. Similarly, preoperatively total decongested expiratory NARs resulted 0.188 ± 0.068 Pa/cm^3^/s and decreased significantly after the operation (p \< 0.0005) to 0.142 ± 0.059 Pa/cm^3^/s. Also, total dilated inspiratory and expiratory NARs were significantly (p \< 0.0005) lower than the preoperatively total decongested NARs, with a mean value of 0.120 ± 0.059 Pa/cm^3^/s and 0.102 ± 0.057 Pa/cm^3^/s, respectively. Statistical analysis did not reveal any influence of sex and age over the rhinomanometric measurements.

Discussion {#S4}
==========

Knowledge of the structure and function of the nasal valve region is required by all those who operate on the nose [@R14]. The nasal valve can be divided into the internal nasal valve and external nasal valve. The internal nasal valve, as described by Mink [@R15] in 1903, corresponds to the slit-like opening between the caudal end of the ULCs and the nasal septum. However, this region is only a portion of the more extended nasal valve area, which is the narrowest three-dimensional segment of the entire pathway. This area is in fact delimited [@R16] [@R17] supero-laterally, from the caudal end of the ULCs; laterally, from the \"empty triangle\", an approximately triangular region, without cartilaginous support structures made of fibrous-adipose tissue up to the margin of the piriform aperture, where the accessory cartilages can be found; medially, from the cartilaginous septum; inferiorly, from the inferior margin of the piriform aperture; infero-medially, from the wings of the spine and from the premaxilla; posteriorly, from the head of the inferior turbinate. The external nasal valve is described as the cross-sectional area caudal to the internal valve under the alar lobule, bounded supero-laterally by the caudal edge of the UCLs, laterally by the nasal alar and ligamentous attachment of the lateral crus, medially by the caudal septum and columella and inferiorly by the nasal sill. Both internal and external nasal valves can be affected by static structural deformities and/or dynamic abnormalities. In particular, static alterations of the internal nasal valve can be caused by inferomedially displaced ULCs, narrowed pyriform aperture, scarring at the intercartilaginous junction, deviated nasal septum and inferior turbinate hypertrophy. Dynamic deformities are often secondary to destabilization of the septum and LLCs, resulting in ULC collapse [@R18]. Static external valve compromise can be caused by scars on the nasal vestibule due to iatrogenic or post-traumatic amputations of the internal covering, or by circular stenosing scars from incorrect placement or closing of vestibular incisions. Dynamic incompetence may be due to nasal musculature alterations due to paralysis of the facial nerve [@R19]. In most cases, however, the muscular disease of the valve is congenital or a phenomenon induced by age. In the latter case, combined phenomena of muscular atrophy, weakening of the intrinsic tension of the cartilaginous ring, and loss of the telescopic relationship between ULCs and LLCs produce the characteristic functional-aesthetic stigmata of the lateral wall collapse and fall of the tip.

Among the various aetiologies, rhinoplasty can be a frequent cause of valve function impairment. In 1995, Grymer [@R20], in a prospective study by acoustic rhinometry, verified a 25% decrease in cross-sectional area at the nasal valve after aesthetic reduction rhinoplasty. In the past years, several techniques have been described to avoid nasal valve compromise after rhinoplasty, often with high success rates. In a recent systematic review, Rhee et al. [@R21] found that there is substantial level evidence to support the efficacy of modern-day rhinoplasty techniques for treatment of nasal obstruction due to nasal valve collapse. An initial contribution to this issue was given by the introduction of the spreader grafts [@R22] and by the variations on the theme [@R23] [@R24], whereas the alar batten grafts [@R25], nasal valve suspension [@R26], flaring suture technique [@R27] and splay graft [@R28] are further procedures that address to the normalization of nasal function in case of nasal valve compromise.

In another recent systematic review aimed to critically evaluate the surgical treatment strategies for nasal valve collapse, Spielmann et al. [@R06] found that, among a variety of surgical techniques, there are no randomized controlled trials on nasal valve surgery; in this investigation, the general impression was that research in nasal valve surgery is frequently driven by technical description of surgical techniques rather than the establishment of evidence of long-term patient benefit. Because of this relative paucity of strong primary studies in the literature, Rhee et al. [@R29] recently proposed a clinical consensus statement to address ambiguities and disparities in the diagnosis and management of nasal valve compromise. The panel generally agreed that nasal valve compromise is a distinct clinical entity that is best evaluated with history and physical examination finding. Also, Apaydin [@R30] stressed the importance of a thorough analysis that should understand the cause for nasal obstruction so that one or multiple procedures can be chosen according to each individual problem. The key, as in much nasal surgery, is to select the appropriate management for each individual patient.

Hence, preoperative nasal valve analysis needs to be done carefully. Physical examination is best accomplished with a nasal endoscope [@R31], since the introduction of the nasal speculum in the nasal vestibule deforms the septum-lateral cartilage complex and thus is not suited to evaluate the nasal valve correctly. Clinical inspection can be also associated with the Cottle test that consists of an improvement in ipsilateral nasal patency after pulling laterally on the cheeks. Alternatively, a small ear curette can be used to perform a modified Cottle test that permits separate examination of specific deficiencies in ULCs and LLCs.

An objective method to assess nasal valve stenosis is rhinomanometry with the help of topical vasoconstrictor agent and nasal dilators [@R32] [@R33]. Rhinomanometry is a dynamic means to examine nasal cavity patency and nasal function; it aims at establishing nasal resistance, which is the difficulty of passing air through the nose through measurement of transnasal pressure and air flow. In the presence of nasal valve compromise, rhinomanometry, performed in a decongested condition, presents a very typical curve: in fact, the curve shows a reduction in airflow even with an increase in negative pressure [@R06]. In this case, the application of a nasal dilator determines normalization of the curve and objectively represents the presence of valve stenosis ([Fig. 5](#F5){ref-type="fig"}). In our rhinologic laboratory, we routinely perform the dilation test during clinical practice to document nasal valve stenosis. In particular, we have adopted the DAN Air® which is an internal nasal dilator that has shown to be a reliable device for diagnosis of nasal valve compromise. In fact, compared to external nasal dilators, it is not influenced by the inevitable variations due to the different elasticity of the tissues since it has the advantage of maintaining the opening of the nasal cavity constant with a physiologic valve angle of 15°. We think that this characteristic is particularly useful, above all, for the investigation of external lateral wall collapse.

![The graph shows that preoperative total inspiratory decongested NARs would decrease significantly after the surgical treatment; similarly, preoperative dilated NARs decrease significantly compared to preoperative decongested NARs.](0392-100X-33-196-g003){#F3}

![The graph shows that preoperative total expiratory decongested NARs would decrease significantly after the surgical treatment; similarly, preoperative dilated NARs decrease significantly compared to preoperative decongested NARs.](0392-100X-33-196-g004){#F4}

![Rhinomanometric documentation of left nasal valve compromise due to obstructive septum deviation on the left side. In the preoperatory condition, the sigmoid representation of decongested NARs manifests a very typical curve. Postsurgery, the favourable outcome is confirmed by normalization of rhinomanometric testing, even in the basal condition.](0392-100X-33-196-g005){#F5}

In operating on the nasal valve region, septal surgery should be considered first since septal abnormalities represent the most frequent cause of nasal valve obstruction. Even in case of anterior septal deviation associated with contralateral alar collapse, septoplasty alone, without the necessity of surgery involving the external nasal valve, is able to resolve nasal obstructive impairment [@R34]. A straight septum is important for unimpaired nasal valve function [@R35]. Accordingly, the most part of the procedures reported in the present study also consisted of nasal septum repair. If surgery on the septum does not remove nasal valve obstruction, the UCLs should be explored next and eventually corrected. Furthermore, again through hemitrasfixion incision, different types of grafts may be positioned. An intracolumellar strut is able to correct an acute nose-labial angle, that usually plays the role to move the main inspiratory flow toward the highest portion of the nasal cavity, producing vortexes with an increase in nasal resistance. Spreader grafts are capable to reconstruct the internal nasal valve and also recontour the middle nasal vault. In the event of structural valve collapse due to loss of the lateral cartilages, cartilaginous batten grafts can be introduced through the same route and positioned above the remnants of the lateral cartilages, thereby creating a more resistant wall that will not collapse during inspiration [@R13].

Conclusions {#S5}
===========

The hemitransfixion incision allowed performing a range of corrections on the various anatomic sub-units of the nasal valve thanks to wide access of the entire valve area. Rhinomanometry, performed in a decongested condition and after dilation test, is a useful diagnostic tool for preoperative diagnosis of nasal valve obstruction and permits quantitative assessment of the favourable effects of surgical procedures. Accordingly, pre- and post-operative objective measurement of nasal airflow should not remain a research tool since it is useful in the assessment and counselling of patients and for measuring the outcomes of surgery.
